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(54) Image forming apparatus including liquid ejection head

(57)  An image forming apparatus includes a liquid
ejection head (1), a head tank (101), a liquid storage con-
tainer (76), a liquid feed device (78), a supply valve (105),
an exhaust passage (112), a float valve (110), an air re-
lease valve (111), and a suction device (34). The exhaust
passage (112) is disposed in the head tank (101) and
communicated with an ambient air. The float valve (110)

is disposed in the head tank (101) to close the exhaust
passage (112) in response to an amount of liquid in the
head tank (101). The air release valve (111) opens and
closes the exhaust passage (112) of the head tank (101).
When the suction device (34) exhausts air from the ex-
haust passage (112) with the air release valve (111)
open, the liquid feed device (78) is driven to pressurize
and feed the liquid.
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Description
BACKGROUND
Technical Field

[0001] This disclosure relates to an image forming ap-
paratus, and more specifically to an image forming ap-
paratus including a liquid ejection head for ejecting liquid
droplets.

Description of the Related Art

[0002] Image forming apparatuses are used as print-
ers, facsimile machines, copiers, plotters, or multi-func-
tional devices having two or more of the foregoing capa-
bilities. As one type of image forming apparatus employ-
ing aliquid-ejection recording method, aninkjetrecording
apparatus is known that uses a recording head (liquid
ejection head) for ejecting droplets of ink.

[0003] As for the recording heads used in these liquid-
ejection-type image forming apparatuses, several differ-
ent types are known. One example is a piezoelectric re-
cording head that ejects droplets by deforming a dia-
phragm using, e.g., piezoelectric actuators. When the
piezoelectric actuators deform the diaphragm, the vol-
umes of chambers containing the liquid change. As a
result, the internal pressures of the chambers increase,
thus ejecting droplets from the head. Another example
is a thermal recording head that ejects droplets by in-
creasing the internal pressures of chambers using, e.g.,
heaters disposed in the chambers. The heaters are heat-
ed by electric current to generate bubbles in the cham-
bers. As a result, the internal pressures of the chambers
increase, thus ejecting droplets from the head.

[0004] For such liquid-ejection type image forming ap-
paratuses, there is demand for enhancing throughput,
i.e., speed of image formation. One way to increase the
throughput is to enhance the efficiency of liquid supply.
For example, a tube supply method is proposed in which
ink is supplied from a large-volume ink cartridge (main
tank) set in an apparatus body to a head tank (sub tank
or buffer tank) mounted on an upper portion of the re-
cording head through a tube.

[0005] Such a tube supply method can reduce the
weight and size of a carriage section mounting the re-
cording head or the head tank, thus reducing the size of
an entire apparatus including a structural system and a
driving system.

[0006] However, to further enhance printing through-
put, an increase in the number of nozzles of a recording
head, an increase in the flow amount of ink feeding as-
sociated with use of higher frequency in driving a record-
ing head, and an increase in viscosity of ink associated
with shortening of drying time may be advanced. As a
result, a pressure loss due to a fluid resistance of a tube
against a flow of ink may cause an inks supply shortage.
In particular, for an apparatus to record large-size print
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media, a long tube generates a large pressure loss and
is more likely to cause a failure.

[0007] Conventionally, for example, JP-4032953-B
(JP-2004-142405-A) proposes an apparatus having a
differential pressure valve at an upstream side of an ink
supply route to supply ink when a negative pressure in
a sub tank is greater than a predetermined pressure val-
ue. To enhance a performance of discharging bubbles
from the sub tank, the apparatus also has a mechanical
assembly to forcefully open the differential pressure
valve and perform choke cleaning.

[0008] JP-2007-216535-A or JP-2010-120340-A pro-
poses to provide a float valve in a head tank. When air
is exhausted from the head tank, an ink level rises. As a
result, a float closes an exhaust passage to discharge
only air.

[0009] However, in a configuration described in JP-
4032953-B (JP-2004-142405-A), air mixed in an ink sup-
ply route can be discharged only by choke cleaning, thus
resulting in an insufficient bubble discharge perform-
ance. In addition, a relatively large amount of ink is dis-
charged with bubbles, thus causing wasteful ink con-
sumption.

[0010] In a configuration described in JP-
2007-216535-A, closing of the exhaust passage relies
on a retaining force of a meniscus in an opening portion
opened to an outside of the exhaust passage. As aresult,
if the meniscus is broken by some factors, the interior of
the head tank may turn into atmospheric pressure, thus
causing a failure, such as ink leakage from nozzles of a
recording head.

[0011] An ink supply system described in JP-
2010-120340-A, basically creates a negative pressure in
the head tank by a liquid level difference, thus causing a
challenge in an increase in exhausting speed. In other
words, if exhausting speed is increased, a negative pres-
sure in the head tank increases, thus sucking air from
nozzles of a recording head into the head tank.

BRIEF SUMMARY

[0012] Inanaspectof this disclosure, there is provided
an image forming apparatus including a liquid ejection
head, a head tank, a liquid storage container, a liquid
feed device, a supply valve, an exhaust passage, a float
valve, an air release valve, and a suction device. The
liquid ejection head has nozzles to eject droplets of liquid
and a nozzle face in which the nozzles are formed. The
head tank supplies the liquid to the liquid ejection head.
The liquid storage container stores the liquid. The liquid
feed device feeds the liquid from the liquid storage con-
tainer to the head tank. The supply valve is disposed in
the head tank to open when a negative pressure in the
head tank is greater than a predetermined value. The
exhaust passage is disposed in the head tank and com-
municated with an ambient air. The float valve is disposed
inthe head tankto close the exhaustpassageinresponse
toanamountofthe liquid in the head tank. The airrelease
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valve opens and closes the exhaust passage of the head
tank. The suction device exhausts air from the exhaust
passage. When the suction device exhausts air from the
exhaust passage with the air release valve open, the lig-
uid feed device is driven to pressurize and feed the liquid.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The aforementioned and other aspects, fea-
tures, and advantages of the present disclosure would
be better understood by reference to the following de-
tailed description when considered in connection with the
accompanying drawings, wherein:

FIG. 1is a schematic plan view of an inkjet recording
apparatus as an image forming apparatus according
to an exemplary embodiment of this disclosure;
FIG. 2is a schematic front view of the inkjet recording
apparatus illustrated in FIG. 1;

FIG. 3is a schematic side view of the inkjetrecording
apparatus illustrated in FIG. 1;

FIG. 4 is a partially enlarged view of a recording head
of the inkjet recording apparatus illustrated in FIG. 1;
FIG. 5 is a schematic front view of a head tank in a
first exemplary embodiment of this disclosure;
FIGS. 6A and 6B are cross sectional views of the
head tank cut along a line A-A of FIG. 5;

FIG. 7 is a schematic view of an ink supply system
in the first exemplary embodiment;

FIG. 8 is a schematic front view of the ink supply
system in the first exemplary embodiment in a state
before initial ink filling is performed;

FIG. 9 is a schematic front view of the ink supply
system in the first exemplary embodiment in a state
during initial ink filling;

FIG. 10 is a schematic front view of the ink supply
system in the first exemplary embodiment in another
state during initial ink filling;

FIG. 11 is a schematic front view of the ink supply
system in the first exemplary embodiment in still an-
other state during initial ink filling;

FIG. 12 is a schematic view of an ink supply system
in a second exemplary embodiment of this disclo-
sure;

FIG. 13 is a schematic enlarged view of a portion of
the ink supply system illustrated in FIG. 12;

FIG. 14 is a schematic view of an ink supply system
in a third exemplary embodiment of this disclosure;
FIG. 15 is a schematic view of an ink supply system
in a fourth exemplary embodiment of this disclosure;
FIG. 16 is a schematic view of an ink supply system
in a fifth exemplary embodiment of this disclosure;
FIG. 17 is a schematic view of the ink supply system
in the fifth exemplary embodiment of this disclosure
in a state during air exhausting;

FIG. 18 is a schematic front view of the ink supply
system in the fifth exemplary embodiment;

FIG. 19 is a schematic view of an ink supply system
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in a sixth exemplary embodiment of this disclosure;
FIG. 20A is a chart of fluctuations of pressure in a
comparative example in which the ink supply system
of the sixth exemplary embodiment is not provided
with a pressure buffer chamber;

FIG. 20B is a chart of fluctuations of pressure in the
ink supply system of the sixth exemplary embodi-
ment provided with a pressure buffer chamber;
FIG. 21 is a schematic view of a negative pressure
interlock assembly of a head tank in the sixth exem-
plary embodiment;

FIG. 22 is a schematic view of an ink supply system
in a seventh exemplary embodiment of this disclo-
sure;

FIG. 23 is a schematic view of an ink supply system
in an eighth exemplary embodiment of this disclo-
sure;

FIG. 24 is a schematic view of an ink supply system
in a ninth exemplary embodiment of this disclosure;
FIG. 25 is a schematic view of an ink supply system
in a tenth exemplary embodiment of this disclosure;
FIG. 26 is a schematic view of an ink supply system
in an eleventh exemplary embodiment of this disclo-
sure;

FIG. 27 is a schematic view of an ink supply system
in a twelfth exemplary embodiment of this disclosure;
FIG. 28 is a schematic view of a portion of an ink
supply systemin a thirteenth exemplary embodiment
of this disclosure;

FIG. 29 is a schematic view of a maintenance device
in a fourteenth exemplary

embodiment of this disclosure;
[0014]

FIG. 30 is an exploded perspective view of an ex-
ample of a passage switching member in the four-
teenth exemplary embodiment;

FIGS. 31A to 31D are schematic views of the pas-
sage switching member during passage switching
operation;

FIGS. 32A to 32D are schematic views of a passage
switching member of a maintenance device in a fif-
teenth exemplary embodiment of this disclosure;
FIG. 33 is a schematic view of a maintenance device
in a sixteenth exemplary embodiment of this disclo-
sure;

FIG. 34 is a schematic of an ink supply system and
an exhaust system in the sixteenth exemplary em-
bodiment; and

FIG. 35 is a schematic view of a maintenance device
in a seventeenth exemplary embodiment.

[0015] The accompanying drawings are intended to
depict exemplary embodiments of the present disclosure
and should not be interpreted to limit the scope thereof.
The accompanying drawings are not to be considered
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as drawn to scale unless explicitly noted.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0016] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this patent specifi-
cation is not intended to be limited to the specific termi-
nology so selected and it is to be understood that each
specific element includes all technical equivalents that
operate in a similar manner and achieve similar results.
[0017] Forexample, in this disclosure, the term "sheet"
used hereinis not limited to a sheet of paper and includes
anything such as OHP (overhead projector) sheet, cloth
sheet, glass sheet, or substrate on which ink or other
liquid droplets can be attached. In other words, the term
"sheet" is used as a generic term including a recording
medium, a recorded medium, a recording sheet, and a
recording sheet of paper. The terms "image formation",
"recording”, "printing", "image recording" and "image
printing" are used herein as synonyms for one another.
[0018] The term "image forming apparatus" refers to
an apparatus that ejects liquid on a medium to form an
image on the medium. The medium is made of, for ex-
ample, paper, string, fiber, cloth, leather, metal, plastic,
glass, timber, and ceramic. The term "image formation"
includes providing not only meaningful images such as
characters and figures but meaningless images such as
patterns to the medium (in other words, the term "image
formation" also includes only causing liquid droplets to
land on the medium).

[0019] The term "ink" is not limited to "ink" in a narrow
sense, unless specified, but is used as a generic term
for any types of liquid useable as targets of image for-
mation. For example, the term "ink" includes recording
liquid, fixing solution, DNA sample, resist, pattern mate-
rial, resin, and so on.

[0020] The term "image" used herein is not limited to
a two-dimensional image and includes, for example, an
image applied to a three dimensional object and a three
dimensional objectitself formed as a three-dimensionally
molded image.

[0021] The term "image forming apparatus", unless
specified, also includes both serial-type image forming
apparatus and line-type image forming apparatus.
[0022] Although the exemplary embodiments are de-
scribed with technical limitations with reference to the
attached drawings, such description is not intended to
limit the scope of the invention and all of the components
or elements described in the exemplary embodiments of
this disclosure are not necessarily indispensable to the
present invention.

[0023] Referring now to the drawings, wherein like ref-
erence numerals designate identical or corresponding
parts throughout the several views, exemplary embodi-
ments of the present disclosure are described below.
[0024] First, aninkjetrecording apparatus is described
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as an image forming apparatus according to an exem-
plary embodiment of this disclosure with reference to
FIGS. 1 to 3.

[0025] FIG. 1 is a schematic plan view of an inkjet re-
cording apparatus 1000 according to an exemplary em-
bodiment of this disclosure. FIG. 2 is a schematic front
view of the inkjet recording apparatus 1000. FIG. 3 is a
schematic side view of the inkjet recording apparatus
1000.

[0026] In the inkjet recording apparatus 1000, a car-
riage 120 is supported by a guide rod 122 and a guide
rail 124 so as to be movable in a main scanning direction
(i.e., a longitudinal direction of the guide rod 122). The
guide rod 122 serving as a guide member extends be-
tween a left side plate 123L and a right side plate 123R
standing on a body frame 30, and the guide rail 124 is
mounted on a rear frame 128 disposed on the body frame
30. The carriage 120 is moved in the longitudinal direction
of the guide rod 122 (the main scanning direction) by a
main scanning motor and a timing belt.

[0027] On the carriage 120 are mounted recording
heads 1 (liquid ejection heads) for ejecting ink droplets
of different colors, e.g., black (K), cyan (C), magenta (M),
and yellow (Y). The recording heads 1 are mounted on
the carriage 120 so that multiple ink ejection ports (noz-
zles) are arranged in rows in a direction perpendicular to
the main scanning direction and ink droplets are ejected
downward from the nozzles.

[0028] As illustrated in FIG. 4, the recording heads 1
include a heater substrate 2 and a chamber formation
member 3 and ejects, as droplets, ink sequentially sup-
plied to a common channel 7 and liquid chambers (indi-
vidual channels) 6 through an ink supply passage formed
in the heater substrate 2. As illustrated in FIG. 4, the
recording heads 1 may be, for example, a thermal-type
head that obtains pressure for ejecting ink by film boiling
of ink generated by heaters 4 and a side-shooter-type
head in which a direction in which ink flows toward each
ejection-energy acting part (heater part) within each lig-
uid chamber 6 is perpendicular to a central axis of an
opening of each of nozzles 5.

[0029] Itis to be noted that the recording heads 1 are
not limited to the above-described thermal type head but
may be a piezoelectric-type head that obtains ejection
pressure by deforming a diaphragm with piezoelectric
elements, an electrostatic-type head that obtains ejection
pressure by deforming a diaphragm with electrostatic
force, or any other suitable type head.

[0030] Below the carriage 120, a sheet 8 on which an
image is formed by the recording heads 1 is conveyed
in a direction (hereinafter "sub-scanning direction") per-
pendicular to the main scanning direction. As illustrated
in FIG. 3, the sheet 8 is sandwiched between a convey-
ance roller 125 and a pressing roller 126 and conveyed
toanimage formation area (printing area) of the recording
heads 1. The sheet 8 is further conveyed onto a print
guide member 129 and fed by a pair of output rollers 127
in a sheet output direction.
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[0031] At this time, scanning of the carriage 120 in the
main scanning direction is properly synchronized with
ejection of ink droplets from the recording heads 1 in
accordance with image data to form a first band of a de-
sired image on the sheet 8. After the first band of the
image has been formed, the sheet 8 is fed by a certain
distance in the sub-scanning direction and the recording
heads 1 form a second band of the desired image on the
sheet 8. By repeating such operations, the whole image
is formed on the sheet 8.

[0032] Head tanks (also referred to as buffer tanks or
sub tanks) 101 including ink chambers 104 to temporarily
store ink are integrally connected to upper portions of the
recording heads 1. The term "integrally" as used herein
represents that the recording heads 1 are connected to
the head tank 101 via, e.g., tubes or pipes and both the
recording heads 1 and the head tanks 101 are mounted
on the carriage 120.

[0033] Desired color inks are supplied from ink car-
tridges (main tanks) 76 serving as liquid tanks that sep-
arately store the respective color inks, to the head tanks
101 viaink supply tubes 16 serving as liquid supply tubes.
The ink cartridges (main tanks) 76 are detachably mount-
ed on, e.g., a cartridge holder disposed at one end of the
inkjet recording apparatus 1000 in the main scanning di-
rection.

[0034] At an opposite end of the inkjet recording ap-
paratus 1 in the main scanning direction is disposed a
maintenance and recovery device 31 (hereinafter, main-
tenance device 31) that maintains and recovers condi-
tions of the recording heads 1. The maintenance device
31 has caps 32 to cover nozzle faces of the recording
heads 1 and a suction pump 34 serving as a liquid suction
device to suckinterior of the caps 32, and a drain passage
33 to drain waste liquid (waste ink) sucked by the suction
pump 34. The waste ink is discharged from the drain
passage 33 to a waste liquid tank mounted on the body
frame 30. The maintenance device 31 also has a moving
mechanism to reciprocally move the caps 32 back and
forth (in this embodiment, up and down) relative to the
nozzle faces of the recording heads 1. The maintenance
device 31 further has a wiping member to wipe the nozzle
faces of the recording heads 1 and a wiping unit to hold
the wiping member so that the wiping member is recip-
rocally movable back and forth relative to the nozzle faces
of the recording heads 1.

[0035] Next, a head tank in a first exemplary embodi-
ment is described with reference to FIGS. 5 to 6.
[0036] FIG. 5is a front view of a head tank 101 in the
first exemplary embodiment, and FIG. 6 is a cross-sec-
tional view of the head tank 101 cut along a line A-A in
FIG. 5. In FIGS. 5 and 6, components may be omitted or
cross sections may be partially shown for clarity.

[0037] As illustrated in FIG. 6, the head tank 101 has
an ink chamber 106 and an ink pressurizing chamber
102 (hereinafter, also referred to as simply "pressurizing
chamber").

[0038] Theheadtank 101 includes afilter 109 adjacent
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to a connecting portion connected to a recording head 1
to filter ink to remove foreign substances from the ink,
and supplies the filtered ink to the recording head 1.
[0039] The head tank 101 has a film member 107 at a
wall face, and the flexible member 107 is urged by a
spring 108 in a direction to increase a volume of the head
tank 101. Thus, as illustrated in FIG. 6A, the film member
107 is inflated in a convex shape toward the outside of
the head tank 101.

[0040] A negative-pressure conjunction valve 105
serving as a supply valve is disposed adjacent to the film
member 107. The negative-pressure conjunction valve
105 is a valve to control a connection state and a non-
connection state between the ink chamber 106 and the
pressurizing chamber 102.

[0041] Asillustrated in FIG. 6A, the negative-pressure
conjunction valve 105 normally retains a closed state be-
tween the ink chamber 106 and the pressurizingchamber
102. However, when ink in the ink chamber 106 is con-
sumed and the film member 107 displaces toward an
interior of the ink chamber 106, the negative-pressure
conjunction valve 105 is opened to connect the ink cham-
ber 106 to the pressurizing chamber 102.

[0042] An exhaust passage 112 connected to an air
release valve 111 is formed at an upper portion of the
headtank 101. Afloatvalve 110is disposed at an opening
portion 112a at an end of the exhaust passage 112 prox-
imal to an interior of the head tank 101.

[0043] Thefloatvalve 110includes afloat110a, alever
110b, a sealing portion 110c, and a shaft 110d. The seal-
ing portion 110c is supported by an end portion of the
lever 110b. The sealing portion 110c is disposed in the
ink chamber 106 so as to be able to contact the opening
portion 112a of the exhaust passage 112. The lever 110b
is rotatable around the shaft 110d. The float 110a is dis-
posed at an opposite end portion of the lever 110b.
[0044] Here, when the ink chamber 106 includes arel-
atively large amount of the ink chamber 106, an ink level
is low and the float valve 110 is lowered, thus connecting
the ink chamber 106 to the exhaust passage 112. By
contrast, when the ink chamber 106 includes a relatively
small amount of the ink chamber 106, the ink level is high
and the float 110a is raised. As a result, the sealing por-
tion 110c contacts the opening portion 112a of the ex-
haust passage 112, thus closing the ink chamber 106
relative to the exhaust passage 112.

[0045] The air release valve 111 is disposed at an exit
side of the exhaust passage 112 of the head tank 101.
The air release valve 111 includes a sealing member
111a, aslider 111b, and a compression spring 111c. Nor-
mally, the sealing member 111a is urged by the com-
pression spring 111c to shut off the exhaust passage 112
from the outside of the head tank 101.

[0046] The pressurizing chamber 102 of the head tank
101 is connected to an ink supply tube 16. In this exem-
plary embodiment, during printing or bubble discharging,
ink in the pressurizing chamber 102 is pressurized.
[0047] Next, an ink supply system in this exemplary
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embodiment is described with reference to FIG. 7.
[0048] FIG. 7 is a schematic view of the ink supply sys-
tem in this exemplary embodiment. It is to be noted that
the shape and arrangement of components and mem-
bers are schematically illustrated for ease of understand-
ing.

[0049] AsillustratedinFIG. 7, the ink cartridge 76 serv-
ing as a liquid storage container to store ink includes an
ink bag 76a to store ink and a case member 76b to ac-
commodate the ink bag 76ain a closed state. An air layer
76cis formed in a closed space between the ink bag 76a
and the case member 76b. As illustrated in FIG. 1, the
ink cartridge 76 is mounted on a cartridge holder 77.
[0050] In astate in which the ink cartridge 76 is mount-
ed on the cartridge holder 77, as illustrated in FIG. 7, the
ink bag 76a of the ink cartridge 76 is connected to the
liquid supply tube (ink supply tube) 16, and the air layer
76c¢ is connected to an air supply tube 70. The air supply
tube 70is connected to a pressurizing pump 78 (P1) serv-
ing as a liquid feed device. The pressurizing pump 78
feeds air into and out from the air layer 76c¢ of the ink
cartridge 76, thus allowing pressurizing of the ink bag
76a.

[0051] Theinkbag76aisconnectedtothe pressurizing
chamber 102 of the head tank 101 via the ink supply tube
16. By driving the pressurizing pump 78, the pressure of
ink in the pressurizing chamber 102 is controlled.
[0052] Next, an exhaust device to emit air from the ex-
haust passage 112 of the head tank 101 is described
below.

[0053] An exhaust device 130 opposes the air release
valve 111 of the head tank 101 and has an exhaust cap
37 to close the air release valve 111. Inside the exhaust
cap 37 is disposed a pin member 38 to push the slider
111b.

[0054] The exhaust cap 37 is connected to the suction
pump 34 (P2). When the pin member 38 pushes the slider
111b, an interior of the exhaust cap 37 is communicated
with the exhaust passage 112. When the suction pump
34 is driven, air in the ink chamber 106 is discharged by
suction to the outside of the head tank 101.

[0055] In this exemplary embodiment, the suction
pump 34 is a tube pump and connected to a suction cap
92 to suck nozzles of a recording head 1. A passage
switching member 35 switches a suction passage be-
tween the exhaust cap 37 side and the suction cap 92
side. In other words, the exhaust device 130 also serves
as a sucking device to suck ink or other liquid from the
nozzles of the recording head 1.

[0056] An exhaust pressure detector 40 to detect an
exhaust pressure is disposed between the emission cap
37 and the passage switching member 35.

[0057] The exhaust pressure detector 40 has a casing
member 40a, a flexible film 40b, a spring 40c, and a sen-
sor 40d. The casing member 40a has the film 40b at one
face so that a volume of the casing member 40a is de-
formable. The spring 40c urges the film 40b in a direction
to expand the volume of the casing member 40a. The
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sensor40dis, e.g., aphotosensor to detect a deformation
amount of the flexible film 40b.

[0058] For such a configuration, during exhaust oper-
ation, when the exhaust pressure increases (negative
pressure increases), an inner volume of the casing mem-
ber 40a decreases, which can be detected with the sen-
sor 40d.

[0059] Next, initial filling of ink to the recording head 1
in this exemplary embodiment is described with refer-
ence to FIGS. 8 to 11.

[0060] FIG. 8 shows the ink supply system in this ex-
emplary embodiment in a state before initial ink filling. In
this state, the ink chamber 106 of the head tank 101 is
in atmospheric pressure, and the negative-pressure con-
junction valve 105 is closed by action of the spring 108.
In this state, the pressurizing pump 78 is driven to pres-
surize ink in the ink supply tube 16.

[0061] Next, as illustrated in FIG. 9, the air release
valve 111 is closed by the emission cap 37, and the noz-
zle face of the recording head 1 is closed by a suction
cap 36. In this state, the passage switching member 35
communicates the suction pump 34 with the emission
cap 37, and the suction pump 34 is driven. At this time,
since the air release valve 111 is opened by the pin mem-
ber 38 of the emission cap 37, air is exhausted from the
ink chamber 106.

[0062] Since air exhausting increases a negative pres-
sure in the ink chamber 106, the negative-pressure con-
junction valve 105 is opened, thus flowing ink from the
ink cartridge 76 to the ink chamber 106 of the head tank
101.

[0063] At this time, since the pressurizing pump 78 is
drivento pressurize inkin the ink supply tube 16, pressure
loss due to flow of ink from the ink cartridge 76 to the
pressurizing chamber 102 is canceled. As a result, air
can be exhausted at a high speed, thus allowing ink to
be filled to the ink chamber 106 in a short time.

[0064] Ink entering the ink chamber 106 accumulates
in a space higher than the filter 109, and as illustrated in
FIG. 9, the float 110a rises with rising of an ink level. As
a result, when the sealing portion 110c of the float valve
110 closes the opening 112a of the exhaust passage
112, inflow of ink to the ink chamber 106 stops, thus
sharply increasing a negative pressure in the exhaust
passage 112.

[0065] As a result, the flexible film 40b of the exhaust
pressure detector 40 greatly deforms. When the sensor
40d detects the deformation, as illustrated in FIG. 10, the
suction pump 34 is stopped.

[0066] Next, the emission cap 37 and the pin member
38 are detached from the air release valve 111. As a
result, the ink chamber 106 is shut off from the atmos-
phere.

[0067] Next, asillustratedin FIG. 11, the suction pump
34 is communicated with the suction cap 92 by the pas-
sage switching member 35 and is driven. As a result, ink
isintroduced into alower portion of the filter 109 and filled
into the recording head 1.
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[0068] Then, a wiper wipes the nozzle face of the re-
cording head 1 and the pressurizing pump 78 is stopped.
Thus, initial ink filling is finished.

[0069] According to a method similar to the initial ink
filling, the exhaust device can gradually discharge air ac-
cumulated in the ink chamber 106.

[0070] As described above, the ink supply system in
this exemplary embodiment can exhaust air while pres-
surizing ink, thus shortening an exhausting time.

[0071] In this exemplary embodiment, the exhaust
pressure detector 40 is provided to detect an increase in
exhaust pressure to control stopping of the suction pump
34. However, it is to be noted that the exhaust pressure
detector 40 may not be required.

[0072] For example, the suction pump 34 may be a
constant pressure pump, thus obviating the exhaust
pressure detector 40. In a case in which the exhaust pas-
sage 112 is not fully closed by the float valve 110, when
air is fully exhausted from the ink chamber 106, ink flows
from the ink chamber 106 to the exhaust passage 112.
However, since a fluid resistance (resistance against a
flow of ink) in the seal portion 110c is quite high and
pressure loss increases, a negative pressure of an ex-
haust section increase. As a result, the suction pump 34
cannot suck air (substantially ink), and discharging of
substantially ink is stopped.

[0073] Forthe ink supply systemin this exemplary em-
bodiment, pressurizing assistance allows high speed ink
filling. Simultaneously, by action of the negative-pressure
conjunction valve, negative pressure is maintained within
a proper range while ink is replenished in an on-demand
manner. In addition, air bubbles can be discharged with-
out discharging ink.

[0074] Asaresult, forexample, evenina case in which
the ink supply tube 16 is a long tube having a relatively
large fluid resistance as in an inkjet recording apparatus
capable of printing large-width recording media, the
above-described configuration prevents insufficient re-
plenishment of ink to the recording head 1, which is, in
particular, suitable for a high speed printer capable of
printing large-width recording media.

[0075] In other words, as a system that sucks and ex-
hausts air via an air release valve air bubbles in a head
tank integrally formed with a recording head and includ-
ing a supply valve to open and close in response to a
negative pressure of the head tank, the ink supply system
in this exemplary embodiment has the float valve 110 to
close the exhaust passage 112 in response to an amount
of liquid in the head tank 101 and exhausts air from the
head tank 101 while driving the liquid feed device (pres-
surizing pump 78). Such a configuration can supply liquid
to the liquid ejection head (recording head 1) at a great
flow amount while stably maintaining a negative pressure
of the liquid ejection head within a proper range. Such a
configuration can also discharge air from the head tank
101 in a relatively short time without wasting the liquid.

[0076] Next, a second exemplary embodiment of this
disclosure is described with reference to FIGS. 12and 13.
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[0077] FIG. 12 is an ink supply system in the second
exemplary embodiment. FIG. 13 is an enlarged view of
a portion of the ink supply system of FIG. 12.

[0078] In this exemplary embodiment, an exhaust pas-
sage 112 of a head tank 101 has a shape in which a
groove 121 formed in a wall face of the head tank 101 is
covered with an elastic member 114.

[0079] For such a configuration, when air exhaust is
completed and a negative pressure in the exhaust pas-
sage 112 increases, the elastic member 114 deforms to
compress the exhaust passage 112. As a result, even
when a floatvalve 110 is not fully sealed, the elastic mem-
ber 114 seals the exhaust passage 112, thus preventing
transmission of sucking pressure of the suction pump 34
to the ink chamber 106.

[0080] In other words, at least a portion of a wall face
of the exhaust passage 112 is formed of the elastic mem-
ber 114, and whenthe float valve 111 is closed, the elastic
member 114 deforms to seal the exhaust passage 112.
When sucking operation and air exhausting operation
are completed, Such a configuration can automatically
seal the exhaust passage 112, thus enhancing control
performance of air exhaust.

[0081] As aresult, the ink supply system in the second
exemplary embodiment can reliably prevent outflow of
ink to the exhaust passage 112 without detecting an ex-
haust pressure as in the first exemplary embodiment.
[0082] Here, as described above, in a case in which a
portion of a wall face of the exhaust passage 112 is
formed of the elastic member 114, a negative pressure
causes the elastic member 114 to compress the exhaust
passage 112. Hence, the groove 121 forming part of the
exhaust passage 112 preferably has an arc shape, e.g.,
as illustrated in FIG. 13 in a cross section in a direction
perpendicular to a direction in which ink or other liquid
flows)

[0083] Next, a third exemplary embodiment of the
present disclosure is described with reference to FIG. 14.
[0084] FIG. 14 is an ink supply system in the third ex-
emplary embodiment.

[0085] In this exemplary embodiment, as illustrated in
FIG. 14, at least a portion of an exhaust passage 112 is
formed of an elastic tube 115.

[0086] Such a configuration can obtain effects equiv-
alent to those of the above-described second exemplary
embodiment.

[0087] Next, a fourth exemplary embodiment of the
present disclosure is described with reference to FIG. 15.
[0088] FIG. 15 is an ink supply system in the fourth
exemplary embodiment.

[0089] As described above, for the above-described
second and third exemplary embodiments, atleast a por-
tion of the exhaust passage 112 is formed of the elastic
member 114 orthe elastic tube 115. If the elastic member
114 or the elastic tube 115 is made of a less permeable
material, e.g., silicone rubber, ink introduced to the ex-
haust passage 112 might dry up and fix in the exhaust
passage 112.
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[0090] Hence, in this fourth exemplary embodiment,
an outer space of an elastic member is soaked in ink. In
FIG. 15, an elastic tube 115 is soaked in ink in an ink
chamber 106.

[0091] Such a configuration enhances reliability on
drying.
[0092] For a sealing portion 110c of a float valve 110,

when ink adhering to the sealing portion 110c in printing
operation is left for a long period, the ink adhering to the
seal portion 110c might dry up depending on permeability
of a film member 107 forming part of a head tank 101.
As a result, even when an ink level decreases, the float
valve 110 might not be opened.

[0093] Insuchacase, the sealing portion 110cis made
of a porous material (porous body) and partially soaked
in ink.

[0094] Such a configuration can constantly maintain a
surface of the sealing portion 110c in a humid state, pre-
vents ink from being fixed on the sealing portion 110c
due to drying, maintain a performance of the float valve
110 over a long non use period, and stably maintain air
exhaust performance.

[0095] Next, a fifth exemplary embodiment of this dis-
closure is described with reference to FIGS. 16 and 17.
[0096] FIGS. 16 and 17 are schematic views of an ink
supply system in the fifth exemplary embodiment.
[0097] In the fifth exemplary embodiment, an exhaust
passage 112 is disposed above an ink chamber 106, has
alarge volume, and includes a float 110a. A sealing por-
tion 110c is connected to a lower portion of the float 110a
via a rod 110e.

[0098] In a state in which the sealing portion 110c is in
contact with a periphery of an inlet portion 222 of the
exhaust passage 112, the sealing portion 110c does not
fully seal the inlet portion 222 and forms a minute clear-
ance between theinlet portion 222 and the sealing portion
110c.

[0099] As a result, as illustrated in FIG. 18, when a
bubble 301 enters the ink chamber 106, the bubble 301
rises to a topmost portion, i.e., the sealing portion 110c
by flotation, passes the clearance, and moves into the
exhaust passage 112.

[0100] Inaddition, when airaccumulatesin the exhaust
passage 112 over time, as illustrated in FIG. 16, an ink
level in the exhaust passage 112 decreases, thus low-
ering the float 110a. At this time, the sealing portion 110c
is detached from the inlet portion 222 of the exhaust pas-
sage 112. In this state, when air exhaust is started, air is
discharged from the exhaust passage 112 and the ink
level in the exhaust passage 112 rises. As a result, as
illustrated in FIG. 17, the sealing portion 110c contacts
the inlet portion 222 of the exhaust passage 112.
[0101] Atthistime, since the sealing portion 110c does
not fully seal the inlet portion 222 of the exhaust passage
112, ink flows from the ink chamber 106 to the exhaust
passage 112. However, since pressure loss sharply in-
creases, a negative pressure in the exhaust passage 112
increases. As a result, the exhaust pressure detector 40
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can detect that air exhaust is completed.

[0102] In the fifth exemplary embodiment, since the
float 110a is disposed in the exhaust passage 112, the
sealing portion 110c is constantly soaked in ink.

[0103] Such aconfiguration can prevent a failure, such
as fixing of the sealing portion 110c due to drying. As a
result, even if the permeability of the flm member 107
forming part of the head tank 101 is insufficient with re-
spectto along-term non-operation, the ink supply system
in this exemplary embodiment can easily maintain a per-
formance of the float valve 110.

[0104] As described above, an ink supply system ac-
cording to any of the above-described exemplary em-
bodiments can supply ink at a large flow amount by using
anegative-pressure conjunction valve and a pressurizing
pump, and can also discharge air from a head tank with-
out discharging ink in a simple configuration of using a
single pump for both ink suction and air exhaust.
[0105] Next, a sixth exemplary embodiment of the
present disclosure is described with reference to FIG. 19.
[0106] FIG. 19 is a schematic view of an ink supply
system in the sixth exemplary embodiment.

[0107] In the sixth exemplary embodiment, a supply
pump 501 supplies ink from an ink cartridge 576 to a
head tank 500 via a supply passage 516, and a pressure
buffer chamber 502 is provided between the supply pump
501 and the head tank 500.

[0108] Inthis exemplary embodiment, the supply pump
501 is a diaphragm pump, and a wall face of a pump
chamber 503 is partially formed of a deformable dia-
phragm 532. The pump chamber 503 includes a spring
504 to urge the diaphragm 532 outward.

[0109] A diaphragm pushing member 505 is disposed
at an outer side of the pump chamber 503 to push the
diaphragm 532, and the diaphragm pushing member 505
is urged toward the diaphragm 532 by a restoring force
of a spring 507. By contrast, an eccentric cam 506 is
disposed at a side of the diaphragm pushing member
505 opposite a side at which the spring 507 is disposed.
[0110] Forthesupply pump501,whenthe pumpcham-
ber 503 inflates, ink is sucked from the ink cartridge 576.
As a result, the pump chamber 503 contracts to supply
ink to the head tank 500.

[0111] In other words, when the eccentric cam 506 is
rotated, the diaphragm pushing member 505 is urged
toward the pump chamber 503 by the restoring force of
the spring 507 to push the diaphragm 532. As a result,
the pump chamber 503 contracts to supply ink to the
pressure buffer chamber 502.

[0112] In addition, when the eccentric cam 506 is ro-
tated, the diaphragm pushing member 505 retracts in a
direction away from the diaphragm 532 of the pump
chamber 503. As a result, the diaphragm 532 is pushed
outward by a restoring force of the spring 504 and the
pump chamber 503 inflates, thus sucking ink from the
ink cartridge 576 to the pump chamber 503.

[0113] For the supply pump 501, a pressure in the
pump chamber 503 is generated by the restoring forces
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of the springs 504 and 507. When the pump chamber
503 inflates, the pressure decreases due to the restoring
force of the spring 504. By contrast, when the pump
chamber 503 contracts, the pressure increases due to
the restoring force of the spring 507.

[0114] Here, in a case in which driving of the eccentric
cam 506 continues during printing, the pressure decreas-
es due to both driving of the supply pump 501 and print-
ing. As a result, the interior of the head tank 500 might
turn into an excessive negative pressure and hamper
maintaining of a normal print quality.

[0115] Hence, in thisexemplary embodiment, the pres-
sure buffer chamber 502 is provided to buffer pressure
between the pump chamber 503 and the head tank 500.
[0116] The pressure buffer chamber 502 has a wall
face partially formed of a deformable member, e.g., an
elastic member 520, and has a variable capacity. When
ink is supplied from the pump chamber 503 to the pres-
sure buffer chamber 502, the pressure buffer chamber
502 is filled with ink and turns into a pressurized state.
Ink is replenished to the head tank 500 by an amount of
ink ejected from the recording head 1, and ink is supplied
to the pump chamber 503 by an amount of ink reduced
from the pressure buffer chamber 502.

[0117] For such a configuration, when the pressure in
the pump chamber 503 increases or decreased due to
inflation or contraction of the pump chamber 503, a pres-
sure in the pressure buffer chamber 502 increases or
decreases so as to buffer the increase or decrease of
the pressure in the pump chamber 503. As a result, a
pressure decrease of the pressure buffer chamber 502
is less than that of the pump chamber 503. Even if a
pressure decrease is caused by printing, such a config-
uration prevents the head tank 500 from turning into an
excessive negative pressure.

[0118] The pressure buffer chamber 502 can be dis-
posed at any position between the pump chamber 503
and the head tank 500. For example, the pressure buffer
chamber 502 may be included in the pump chamber 503
or the head tank 500.

[0119] An variable amount of the capacity of the pres-
sure buffer chamber 502 is set to be not less than an
amount obtained by multiplying a driving period to push
the pump chamber 503 and a maximum ejection amount
of ink from the recording head 1 per unit time. As the
driving period is shorter, the capacity of the pressure buff-
er chamber 502 can be set to be smaller. By contrast, as
the driving period is longer, the capacity of the pressure
buffer chamber 502 can be set to be larger. As the driving
period is shorter, a number of times at which the supply
pump 501 serving as a diaphragm pump is pushed is
greater, and the supply pump 501 preferably has higher
durability.

[0120] Next, fluctuations in pressure in a pressurizing
chamber of the head tank 500 with or withoutthe pressure
buffer chamber 502 is described with reference to FIG.
20.

[0121] FIG. 20Ais a chart of an example of fluctuations
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in pressure in a pressurizing chamber of the head tank
500 without the pressure buffer chamber 502. FIG. 20B
is a chart of an example of fluctuations in pressure in the
pressurizing chamber of the head tank 500 with the pres-
sure buffer chamber 502. For these examples, first, when
the supply pump 501 is driven (DR), pressure in the pres-
surizing chamber of the head tank 500 increases. When
the supply pump 501 is continuously driven, the recording
head 1 ejects ink droplets to perform printing (PR+DR).
Then, printing is stopped and only the driving of the sup-
ply pump 501 is continued (PS). FIGS. 20A and 20B are
measurement results of fluctuations in the pressure in
the pressurizing chamber 102 in the above-described op-
erations.

[0122] Ina case in which the pressure buffer chamber
502 is not provided, as illustrated in FIG. 20A, pressure
decreases in the pressurizing chamber during printing
(PR+DR) are relatively large, and a fluctuation range of
increases and decreases in the pressure is relatively
large. By contrast, in a case in which the pressure buffer
chamber 502 is provided, as illustrated in FIG. 20B, pres-
sure decreases in the pressurizing chamber during print-
ing (PR+DR) are relatively small, and a fluctuation range
of increases and decreases in the pressure is relatively
small, as compared to the case in which the pressure
buffer chamber 502 is not provided.

[0123] Next, the head tank 500 in this exemplary em-
bodiment is described with reference to FIG. 21.

[0124] FIG. 21 is a schematic view of a negative pres-
sure interlock assembly of the head tank 500.

[0125] The head tank 500 includes an elastic member
601, a spring 602, a member 603, a spring 604, and a
valve 605. The elastic member 601 is deformabile in re-
sponse to negative pressure created by the spring 602.
When a negative pressure in the head tank 500 is not
greater than a threshold value, the elastic member 601
contacts the member 603 and the valve 605 urged by
the spring 604 is opened. When the valve 605 is opened,
ink is introduced from the pressurizing chamber main-
tained in a normal pressure range. As the pressure in the
head tank 500 increases, the elastic member 601 de-
taches from the member 603 and the valve 605 is closed.
[0126] When ink is ejected from the recording head 1
and the negative pressure in the head tank 500 rises, the
valve 605 is opened to replenish ink from a supply side.
By repeating an operation in which the negative pressure
in the head tank 500 decreases and the valve 605 is
closed, ink supply to the head tank 500 is controlled.
[0127] Next, a seventh exemplary embodiment of the
present disclosure is described with reference to FIG. 22.
[0128] FIG. 22 is a schematic view of an ink supply
system in the seventh exemplary embodiment.

[0129] In the seventh exemplary embodiment, a valve
521 is disposed between an ink cartridge 576 and a pump
chamber 503 of a supply pump 501. A valve 522 is dis-
posed between the supply pump 501 and a pressure buff-
er chamber 502. A valve 523 is disposed between the
pressure buffer chamber 502 and a head tank 500.
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[0130] Each of the valve 521 and the valve 522 in-
cludes a first chamber 701 and a second chamber 702
partitioned by a valve member 700. For example, when
ink flows into the first chamber 701, the valve member
700 moves downward, thus opening an opening 700a of
the valve member 700. As aresult, the first chamber 701
and the second chamber 702 are communicated with
each other, thus turning into an open state.

[0131] The valve 523 has a first chamber 711 and a
second chamber 712 partitioned by a wall portion 713.
A deformable valve member 714 forms a wall face of the
first chamber 711 and opens and closes an opening 713a
of the wall portion 713. For example, when ink flows into
the first chamber 711, the valve member 714 detaches
from the opening 713a. As aresult, the first chamber 711
and the second chamber 712 are communicated with
each other, thus turning into an open state.

[0132] Here, when the pump chamber 503 contracts,
the valve 521 between the pump chamber 503 and the
ink cartridge 576 is closed, thus shutting off ink feeding
from the pump chamber 503 to the ink cartridge 576.
When the valve 522 between the pump chamber 503 and
the pressure buffer chamber 502 is opened, ink is fed
from the pump chamber 503 to the pressure buffer cham-
ber 502.

[0133] Whenthe pump chamber 503 inflates, the valve
522 between the pump chamber 503 and the pressure
buffer chamber 502is closed, thus shutting off ink feeding
from the pressure buffer chamber 502 to the pump cham-
ber503. When the valve 521 between the pump chamber
503 and the ink cartridge 576 is opened, ink is fed from
the ink cartridge 576 to the pump chamber 503.

[0134] Next, an eighth exemplary embodiment of this
disclosure is described with reference to FIG. 23.
[0135] FIG. 23 is a schematic view of an ink supply
system in the eighth exemplary embodiment.

[0136] The ink supply system of the eighth exemplary
embodiment differs from the ink supply system of the
above-described seventh exemplary embodimentin that
a spring 531 provided at an outer side (a side at which
ink does not pass) of a deformable elastic member 520
forming a wall face of a pressure buffer chamber 502 to
minimize a range of fluctuations of pressure in the pres-
sure buffer chamber 502.

[0137] Itis to be noted that, instead of the spring 531,
pressurizing air may be blown to the outer side of the
elastic member 520 to press the elastic member 520,
thus allowing pressure control.

[0138] Next, a ninth exemplary embodiment of the
presentdisclosure is described with reference to FIG. 24.
[0139] FIG. 24 is a schematic view of an ink supply
system in the ninth exemplary embodiment.

[0140] The ink supply system of the ninth exemplary
embodiment differs from the ink supply system of the
eighth exemplary embodiment in that a remaining
amount detector 540 is disposed at an outer side of a
pressure buffer chamber 502.

[0141] A lever member 541 and a detection member
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542 are provided at an outer side (a side at which ink
does not pass) of the pressure buffer chamber 502. The
lever member 541 is displaceable with displacement of
an elastic member 520 of the pressure buffer chamber
502. The detection member 542 detects whether or not
the lever member 541 is placed within a certain displace-
ment area.

[0142] Here, when the ink cartridge 576 runs out of ink,
inkis lostin the pressure buffer chamber 502. As a result,
pressure in the pressure buffer chamber 502 decreases,
thus contracting the pressure buffer chamber 502. To
maintain such a state, the lever member 541 moves away
from a detection area of the detection member 542. As
a result, the detection member 542 cannot detect the
lever member 541. When the lever member 541 is not
detected for a threshold time, a controller determines that
no ink remains in the ink cartridge 576. The threshold
time is counted by a timer. When a count time of the timer
is the threshold time or greater, the controller determines
that the ink cartridge 576 is out of ink.

[0143] Alternatively, an ink end state may be detected
by detecting a displacement of the diaphragm 532 of the
pump chamber 503 of the supply pump 501 with the lever
member 541 and the detection member 542.

[0144] Next, a tenth exemplary embodiment of the
present disclosure is described with reference to FIG. 25.
[0145] FIG. 25 is a schematic view of an ink supply
system in the tenth exemplary embodiment.

[0146] The ink supply system in the tenth exemplary
embodiment differs from the ink supply system in the
above-described sixth exemplary embodiment in that, a
spring 508 is provided as an elastic member of a pres-
surizing unit to urge a deformable elastic member 520
from an exterior to an interior of the elastic member 520.
A liquid outlet 511 communicated with the head tank 500
is disposed at a position closed by the elastic member
520 when the elastic member 520 deforms inward, e.g.,
at a lower surface of a pressure buffer chamber 502 in
FIG. 25.

[0147] For such a configuration, when the pressure
buffer chamber 502 sucks ink from a recording head 1,
the elastic member 520 deforms to a position indicated
by a broken line in FIG. 25, thus closing the liquid outlet
511.

[0148] As aresult, a negative pressure increases at a
downstream side from the liquid outlet 511 closed. When
the supply pump 501 pressurizes ink from an upstream
side with respectto the liquid outlet 511, anink flow sharp-
ly speeds up, thus effectively discharging bubbles.
[0149] Next, aneleventh exemplary embodimentofthe
present disclosure is described with reference to FIG. 26.
[0150] FIG. 26 is a schematic view of an ink supply
system in the eleventh exemplary embodiment.

[0151] Theink supply system in the eleventh exempla-
ry embodiment differs from the ink supply system in the
above-described tenth exemplary embodiment in that a
valve 581 is disposed between the ink cartridge 576 and
the supply pump 501 to allow liquid to be fed in only one
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direction and a valve 582 is disposed between the supply
pump 501 and the pressure buffer chamber 502 to allow
liquid to be fed in only one direction.

[0152] Each of the valve 581 and the valve 582 has a
valve member 733. When ink flows from an upstream
channel 731 to a downstream channel 732, the valve
member 733 opens. By contrast, when ink flows from the
downstream channel 732 to the upstream channel 731,
the valve member 733 closes.

[0153] For such a configuration, when the pump cham-
ber 503 of the supply pump 501 contracts, the valve 581
between the pump chamber 503 and the ink cartridge
576 closes to block ink feeding from the pump chamber
503 to the ink cartridge 576.

[0154] Meanwhile, the valve 582 between the pump
chamber 503 and the pressure buffer chamber 502
opens to feed ink from the pump chamber 503 to the
pressure buffer chamber 502.

[0155] By contrast, when the pump chamber 503 of
the supply pump 501 inflates, the valve 582 closes to
block ink feeding from the pressure buffer chamber 502
to the pump chamber 503.

[0156] Meanwhile,the valve 581 opens tofeed ink from
the ink cartridge 576 to the pump chamber 503.

[0157] Such a configuration can stably feed ink from
the ink cartridge 576 to the head tank 500 while using a
diaphragm pump as the supply pump 501.

[0158] Next, a twelfth exemplary embodiment of this
disclosure is described with reference to FIG. 27.
[0159] FIG. 27 is a schematic view of a portion of an
ink supply system in the twelfth exemplary embodiment.
[0160] The ink supply system in the twelfth exemplary
embodiment differs from the ink supply system in the
tenth exemplary embodiment in that a pressure buffer
chamber 502 is horizontally disposed so that ink flows
from aliquid outlet 511 in a vertically downward direction.
In addition, a supply pump 501 is vertically disposed so
that ink is fed from a lower side to an upper side in a
vertical direction.

[0161] For such a configuration, if bubbles flows from
the pump chamber 503 of the supply pump 501 into the
pressure buffer chamber 502, the bubbles gather toward
an elastic member 520 by flotation, thus facilitating the
bubbles to be discharged from the liquid outlet 511 by
deformation of the elastic member 520. The supply pump
501 has an inlet of ink to the pump chamber 503 at a
lower side and an outlet of ink from the pump chamber
503 at an upper side, thus facilitating bubble discharge.
[0162] Next, athirteenth exemplary embodiment of this
disclosure is described with reference to FIG. 28.
[0163] FIG. 28 is a schematic view of a portion of an
ink supply system in the thirteenth exemplary embodi-
ment.

[0164] For the thirteenth exemplary embodiment, like
the ninth exemplary embodiment, a remaining amount
detector 550 is disposed at an outer side of a pressure
buffer chamber 502.

[0165] At the outer side (at which ink does not flow) of
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the pressure buffer chamber 502 are disposed a lever
member 551 displaceable with displacement of an elastic
member 520 and a detection member 552 to detect
whether or not the lever member 551 is within a certain
displacement area. The lever member 551 is urged to-
ward the elastic member 520 by a spring 553 disposed
between a fixed portion and the lever ,member 551.
[0166] The thirteenth exemplary embodiment obtains
operation effects equivalent to those of the ninth exem-
plary embodiment.

[0167] Any one of the above-described first to fifth ex-
emplary embodiments may be combined with any one
of the above-described sixth to thirteenth exemplary em-
bodiments.

[0168] Next, a fourteenth exemplary embodiment of
this disclosure is described with reference to FIG. 29.
[0169] FIG. 29 is a schematic view of a portion of a
maintenance device in the fourteenth exemplary embod-
iment.

[0170] Inthis exemplary embodiment, a head tank 101
includes ink chambers for four colors of cyan (C), black
(K), magenta (M), and yellow (Y) and float valves 110C,
110K, 110M, and 110Y for the four colors.

[0171] Inthis exemplary embodiment, an exhaust pas-
sage 112 is a common passage for the four colors, and
an air release valve 111 is disposed in a frame 18 of a
recording head 1. At this time, a bottom face of the head
tank 101 serves as a receiving face to receive a com-
pression spring 110c of the air release valve 111.
[0172] A suction cap 36 of a maintenance device 31
has an opening portion in which a plurality of spaces 36a
and 36b is divided. In sucking the recording head 1, such
a configuration allows nozzles of the recording head 1 to
be sucked in a selective manner as well as in a collective
manner, thus allowing recovery from a non-ejection state
of the recording head 1 by a minimum consumption
amount of ink.

[0173] The spaces 36a and 36b and an exhaust cap
37 are connected to (communicated with) a suction pump
34 via a passage switching member 35.

[0174] Here, an example of the passage switching
member 35 is described with reference to FIGS. 30 and
31.

[0175] FIG. 30 is an exploded perspective view of the
passage switching member 35 in this exemplary embod-
iment. FIGS. 32A to 32D are plan views of the passage
switching member 35 during switching operation.
[0176] The passage switching member 35 includes a
passage housing 35a, a passage switching valve 35b,
and a base 35c.

[0177] The passage housing 35ais a passage member
including a connection port 361a connected to the space
36a of the suction cap 36, a connection port 361b con-
nected to the space 36b, a connection port 371 connect-
ed to the exhaust cap 37, and a connection port 341
connected to the suction pump 34.

[0178] The passage switching valve 35bis a cylindrical
rubber member having a plurality of grooves 351ato 351d
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forming liquid passages. The passage switching valve
35bis fixed on the base 35¢c. When the base 35creceives
driving of a motor, the passage switching valve 35b ro-
tates to switch opening and closing of a passage con-
nected to the passage housing 35a.

[0179] Inanormalstate of the passage switchingmem-
ber 35, as illustrated in FIG. 31A, the passage switching
member 35b is rotated to a position at which the groove
351ais communicated with the connection port 341 con-
nected to the suction pump 34, the groove 351c is com-
municated with the connection port 361b connected to
the space 36b of the suction cap 36, the groove 351d is
communicated with the connection port 361a connected
to the space 36a of the suction cap 36, and none of the
grooves 351a to 351d are communicated with the ex-
haust cap 37.

[0180] Thus, the suction pump 34 is connected to the
spaces 36a and 36b of the suction cap 36 and is not
connected to the exhaust cap 37.

[0181] Hence, when sucking operation is performed
on all nozzles ofthe recording head 1, in the normal state,
the suction pump 34 is driven for a certain time.

[0182] In initial ink filling or air exhaust, as illustrated
in FIG. 31B, the passage switching valve 35b is rotated
to connect the suction pump 34 and the exhaust cap 37,
and the suction pump 34 is driven for a certain time.
[0183] When sucking operation is performed on par-
ticular nozzles, as illustrated in FIGS. 31C and 31D, the
spaces 36a and 36b of the suction cap 36 are connected
to the suction pump 34 and the suction pump 34 is driven
for a certain time.

[0184] Next, a fifteenth exemplary embodiment of this
disclosure is described with reference to FIGS. 32A to
32D.

[0185] FIGS. 32Ato 32D are schematic views of a pas-
sage switching member 35 of a maintenance device in
the fifteenth exemplary embodiment.

[0186] The passage switching member 35 has a com-
mon sucking passage member 35g communicated with
a suction pump 34, a plurality of sucking passages 35d
made of a flexible tube connected to spaces 36a and 36b
of a suction cap 36 and an exhaust cap 37, and a roller
35e having a plurality of ribs 35f on an outer circumfer-
ential face to simultaneously or selectively compress the
sucking passages 35d.

[0187] When the roller 35e rotates, as illustrated in
FIGS. 32A to 32D, the sucking passages 35d are simul-
taneously or selectively opened and closed, thus allowing
sucking of the spaces 36a and 36b of the suction cap 36
and the exhaust cap 37 with a single suction pump, i.e.,
the suction pump 34.

[0188] FIG. 32A shows a state in which the suction
pump 34 is connected to the spaces 36a and 36b of the
suction cap 36. FIG. 32B shows a state in which the suc-
tion pump 34 is connected to the exhaust cap 37. FIG.
32C shows a state in which the suction pump 34 is con-
nected to the space 36a of the suction cap 36. FIG. 36D
shows a state in which the suction pump 34 is connected
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to the space 36b of the suction cap 36.

[0189] Inthe above-described fourteenth and fifteenth
exemplary embodiments, the number of the plurality of
space of the suction cap 36 are two. However, it is to be
noted that the configuration of the suction cap 36 is not
limited to the above-described configuration. For exam-
ple, as described in, e.g., the first exemplary embodi-
ment, one suction cap may correspond to one recording
head, or one suction cap may include three or more spac-
es. Alternatively, in the fourteenth exemplary embodi-
ment, the passage switching valve 35b may have a plu-
rality of passages corresponding to the plurality of spaces
of the suction cap 36, thus allowing sucking operation on
particular nozzles with a single suction pump. In the fif-
teenth exemplary embodiment, the roller 35e may have
a plurality of ribs corresponding to the plurality of spaces
of the suction cap 36, thus allowing sucking operation on
particular nozzles with a single suction pump.

[0190] Next, a sixteenth exemplary embodiment of this
disclosureis described with reference to FIGS. 33 and 34.
[0191] FIG. 33 is a schematic view of a maintenance
device in the sixteenth exemplary embodiment. FIG. 34
is a schematic view of an ink supply system and an ex-
haust system in the sixteenth exemplary embodiment.
[0192] In this exemplary embodiment, a recording
head 1 and a head tank 101 each has a configuration
similar to, even if not the same as, the configuration of
the above-described fourteenth exemplary embodiment
(see FIG. 29). The ink supply system in this sixteenth
exemplary embodiment has a configuration similar to,
even if not the same as, the configuration of the above-
described ninth exemplary embodiment (see FIG. 24).
Therefore, descriptions thereof are omitted below.
[0193] In this sixteenth exemplary embodiment, suc-
tion of a suction cap 36 and suction of an exhaust cap
37 are performed by different lines. The suction cap 36
is connected to a suction pump 34, and the exhaust cap
37 is connected to a suction pump 901 (P3 in FIG. 33).
[0194] The suction pump 901 has a configuration sim-
ilar to, even if not the same as, the configuration of the
supply pump 501 described in the sixth exemplary em-
bodiment (see FIG. 19). Like the above-described sev-
enth exemplary embodiment (see FIG. 22), valves 521
and 522 are disposed upstream and downstream from
the suction pump 901.

[0195] Eccentric cams 506 of the suction pump 901
and the supply pump 501 are rotated by a single driving
source 902. In such a case, for example, a clutch may
be provided on a drive transmission route so as not to
simultaneously drive the suction pump 901 and the sup-
ply pump 501. Waste ink discharged by the suction pump
901 is stored in a waste liquid tank 900.

[0196] As described above, the sixteenth exemplary
embodiment provides a simple configuration. In addition,
a diaphragm pump forming the suction pump 901 is a
constant pressure pump to generate pressure by a re-
storing force of a spring, thus preventing an excessive
negative pressure of the exhaust cap 37 without detect-



23 EP 2 617 572 A1 24

ing an exhaust pressure as described above.

[0197] Next, a seventeenth exemplary embodiment of
this disclosure is described with reference to FIG. 35.
[0198] FIG. 35 is a schematic view of a maintenance
device in the seventeenth exemplary embodiment.
[0199] In this seventeenth exemplary embodiment, a
suction cap 36 and a moisture retention cap 32 are sep-
arately provided. Such a configuration can reduce the
size of the suction cap 36 and perform sucking operation
on particular nozzles, thus minimizing waste ink con-
sumed by sucking nozzles.

Claims
1. Animage forming apparatus comprising:

a liquid ejection head (1) having nozzles (5) to
ejectdroplets of liquid and a nozzle face in which
the nozzles are formed;

ahead tank (101) to supply the liquid to the liquid
ejection head (1);

a liquid storage container (76) to store the liquid;
a liquid feed device (78) to feed the liquid from
the liquid storage container (76) to the head tank
(101);

a supply valve (105) disposed in the head tank
(101) to open when a negative pressure in the
head tank (101) is greater than a predetermined
value;

an exhaust passage (112) disposed in the head
tank (101) and communicated with an ambient
air;

a float valve (110) disposed in the head tank
(101) to close the exhaust passage (112) in re-
sponse to an amount of the liquid in the head
tank (101);

an air release valve (111) to open and close the
exhaust passage (112) of the head tank (101);
and

a suction device (34) to exhaust air from the ex-
haust passage (112),

wherein, when the suction device (34) exhausts
air from the exhaust passage (112) with the air
release valve (111) open, the liquid feed device
(78) is driven to pressurize and feed the liquid.

2. Theimage forming apparatus of claim 1, wherein the
exhaust passage (112) has a wall face at least par-
tially formed of an elastic member (114), and
when the float valve (110) closes the exhaust pas-
sage (112), the elastic member (114) deforms to
choke the exhaust passage (112).

3. Theimage forming apparatus of claim 2, wherein the
exhaust passage (112) comprises a groove (121)
and an elastic member (114) to cover at least a por-
tion of the groove (121), and the groove (121) has
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8.

10.

an arc shaped cross section in a short direction of
the groove (121).

The image forming apparatus of claim 2 or 3, wherein
the elastic member (114) comprises a first face and
a second face opposite the first face, and

the first face faces the exhaust passage (112) and
the second face faces a layer of the liquid.

The image forming apparatus of any one of claims
1 to 4, further comprising an exhaust pressure de-
tector (40) to detect an exhaust pressure when the
suction device (34) is connected to the air release
valve (111) and sucks and exhausts air,

wherein the exhaust pressure detector (40) is dis-
posed between the suction device (34) and the air
release valve (111).

The image forming apparatus of any one of the pre-
ceding claims, wherein the suction device (34) sucks
the liquid from the nozzles (5) of the liquid ejection
head (1).

The image forming apparatus of claim 6, further com-
prising:

a suction cap (36) to cap the nozzle face of the
liquid ejection head (1);

an exhaust cap (37) to cap a face of the liquid
ejection head (1) having an opening, the open-
ing communicated with the exhaust passage
(112) and disposed downstream from the air re-
lease valve (111); and

a passage switching member (35) to switch pas-
sages to suck the liquid and exhaust air,
wherein the suction cap (36) has a plurality of
internal spaces (36a, 36b), and

the plurality of internal spaces (36a, 36b) and
the exhaust cap (37) are connected to the suc-
tion device (34) via the passage switching mem-
ber (35).

The image forming apparatus of any one of claims
1 to 7, wherein the float valve (110) has a porous
body at a portion to contact the exhaust passage
(112), and

the porous body at least partially contacts the liquid.

The image forming apparatus of any one of claims
1to7, wherein the float valve (110) has a float portion
(110a) in the exhaust passage (112).

The image forming apparatus of any one of the pre-
ceding claims, further comprising a pressure buffer
(502) having an elastically deformable wall face
(520) to temporarily store the liquid,

wherein the liquid feed device (78) has a pressurizing
pump (501) to pressurize the liquid in the liquid stor-
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age container (76) to supply the liquid, and
the pressure buffer (502) is disposed between the
pressurizing pump (501) and the head tank (500).

The image forming apparatus of claim 10, further
comprising a pressurizing member (508) to urge the
elastically deformable wall face (520) of the pressure
buffer (502) inward,

wherein the pressure buffer (502) has a liquid outlet
(511) connected to the head tank (500), and the liquid
outlet (511) is disposed at a position closed by the
elastically deformable wall face (520) when the elas-
tically deformable wall face (520) deforms inward.

The image forming apparatus of claim 10 or 11, fur-
ther comprising a valve unit (581, 582) to allow ink
to be fed in only one direction,

wherein the valve unit (581, 582) is disposed be-
tween the liquid storage container (576) and the
pressurizing pump (501) and between the pressu-
rizing pump (501) and the pressure buffer (502).

The image forming apparatus of any one of the pre-
ceding claims, further comprising a common driving
source to drive the liquid feed device (78) and the
suction device (34).
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